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1 . Introduction 

In the period of May 1974 to April 1977# within the scope of the ISPT-FUB 
research program on radio propagation at frequencies greater than 10 GHz [Bl]*, 

t 

measurements of attenuation due to rain were carried out continually In the 
Fuclno Experimental Center In an Interval between 9.5 Km at frequencies from 
11 to 128 GHz In vertical polarization and 128 GHz in horizontal polarization. 
For the methods of performing the measurements and the accuracy obtained see 
[B21. 

The present paper reports on the cumulative dlsttlbutlon functions of 
the attenuation found In the three connections. The differences between the 
distribution functions and the different polarization frequencies arc demon- 
strated. Particular attention is devoted to the possibility of establishing 
a bond between the statistics of annual attenuation and worst month attenua- 
tion. This relationship assumes particular importance in view of the 
methods with which quality objectives In radio systems are generally expressed 
In International centers. 

2. Statistical Sampling 

In the period of May 1974-April 1977# during which continuous attenuation 
measurements were made, approximately 120 rainy situations were found: of 

these 72 produced an attenuation greater than 8 dB In the 17.8 GHz connection 
In horizontal polarization, and of these 72 significant incidents, some were 


* The notation [B] Indicates the References. 
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not u««d becauM they were unevalleble aa a reault of dlfflcultiea found in 
the reception ayatem. Table I ahowa the number of •igniflcant' aituatlone 
used and not used, distributed to year and connection. The remaining 48 
events, during which attenuation In the 17.8 GHz connection in the horizontal 
polarization remained below 8 dB, have been Inserted, Into the statistical 
elaborations. 

The elaboration of the data consisted of evaluating the statistical 
distribution function of the attenuation due to the rain defined as: 


N. 

I • ' 




where, with reference to Figure 1: 

P [A is the probability that the attenuation due to rain exceeds the 

value Aj, expressed as a percentage of the total observation time; 

Tj^ Is the individual duration of excess over the value defined as in 
Figure 1; and 

T. ^ Is the total observation time, 
tot 


3. Functions of Comprehensive Distribution 

Figure 2 presents, for the three connections, the distribution functions 
obtained from the data received during the entire observation period of 8 years. 

The difference between attenuation at 17.8 or 11 GHz In vertical 
polarization, exceeded for the same percentage of time. Increases as probability 
diminishes, l.e., as attenuation Increases. The difference between attenuation 
In horizontal and vertical polarization at the same frequency of 17.8 GHz shows 
an analogous slope. It has been confirmed that the electromagnetic waves, 
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polarised horizontally » become more attenuated than those polarized vertically 
at the same frequency» and that the attenuation Increases with the frequency, 
polarization being equal. 

The saturation which the threoi curves demonstrate for percentages of 
excess, less by some seconds per year. Is to be attributed to the limited 
number of situations which contribute to this portion of the distribution 
function. 

In this respect the data contained In Table II are Indicative, with the 

three connections and the various threshold values of attenuation given 

with the number of the Individual period; of duration of excess (N ) and the 

number of Incidents (N ) during which the threshold under consideration was 

6 

exceeded. It Is clear that several Individual periods of excess can 
correspond to each situation. 

A. Annual Variability In the Distribution Function 

Figures 3, 4 and 5 show the functions of distribution relative to the 
Individual years for the 3-year period of observation for each connection. 

For all three connections the annual variability turns out to be very 

_2 

subject to percentages greater than 10 foi the time of year. Increasing 
while the percentage of the excess time diminishes. Such a variability is 
due to the limited number of Incidents which con^^ribute to exceeding the 
high attenuation values. However, a 3-year period of observation cannot be 
considered sufficient to define in a statistically significant way the slope 
of the distribution function relative to percentages of time shorter than 
several tens of minutes per year. 
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5. Monthly Varl(iblllty In the Distribution Function 

Figures 6-14 present the monthly distribution functions (January - 1. 

December - 12) and the annual ones for each of the three connections and for 
each of the three years of observation. 

In all of the cases mentioned the months which are the major contributors 

I 

to the annual distribution function vary from year to year, but ar« found 
between June and November In every year. 

For the two 17.8 GHz connections for every year, the most significant 
months are precisely coincident • the 11 GUg connection, the most significant 

months in the first two years are not precisely the same as those for the 
17.8 GHz connections. !^lnce the connections are in the same Interval, 
this is attributed to the fact that some of the situations not used In the 
statistics are not the same in the three cases. 

What has been said above calls attention to the effect of Intensive 
incidents on the slope of the distribution function and on the special caution 
to be exercised in drawing statistical conclusions based on the relationships 
between the same distribution function, 

6. Relationships Between the Annual Statistics and the Worst Month 

In view of the considerable variability from one year to another, the 
attenuation statistics for a certain connection are generally presented on an 
annual base and referred to a multiyear period of observation. On the other 
hand the quality objectives for the telecommunications systems are generally 
referred to percentages of the time of "any month" of the year. Therefore 
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It la nacaaaarv to ipaclfy a bond batwaan annual, atatlatica and worat 
nonth atatlatica.* 

In ganacal this ralatlonshlp la establlahad by maans of tha factor; 

• * , 

vhlch expreaaaa the relationship between the probability that the same 

attenuation value will be exceeded In tha worst month (P_.) and In the 

mp 

year (P ). In general the slope of the factor Q Is expressed as a function 
of the percentage of the worst month and the year. 

Intuitively the value of Q can vary from 1 (when the attenuation value 
considered Is exceeded with the same probability in all 12 months) to 12 
(when the attenuation value considered Is exceeded In only a single one of 
the months of the year) . 

For each of the three connections Figures 15-17 show the statistical 
distribution relative to the average year and to the average worst month In 
the 3-year period of observation. 

Figures 13-20 represent the values of Q as a functlor. of the percentage 
of the year and the single years of the survey. 

For each connection Figures 21-23 give the mean values of the factor Q 
as a function of the annual percentage found either In the average distributions 


* This is understood as statistical distribution In the worst month for a 
definite year, not necessarily solar, the range of the twelve monthly 
distribution functions. 


6 


of th€ wont month and of tha yoar (Piguna 15-17) or aa the mean of the 
three valuea of Q relative to the individual yeara (Flgurea 16-20). It can 
be noted from Flgurea 21-23 that the valuea of Q obtained with the two 
procedurea are very almllar to one another. 

In order to Inveatigate the poaalblllty that a lylngle elope of Q aa a 

f 

function of the annual percentage can be repreaentatlve for all three 
connectlotiB, Figure 24 preaenta tha mean valuea of Q for the three 
connectlona. It can be aeen that theae valuea are very almllar. Thla 
Inllcatea that a alngle mean alope of Q can be repreaentatlve of all 
three connections. This mean alope la presented aa a function of the 
annual percentage In Figure 25 and aa a function of that of the worst month 
in Figure 26. 

The fact that a single slope of Q can be repreaentatlve of the three 
connections at various frequencies and polarization In the same Interval can 
be explained by considering that the relationships among the specific 
attenuation, calculated In a theoretical way for the frequencies and 
polarization considered, prove to be almost constant. 

On the basis of the experimental data relating to the mean distribution 
functions in Figure 2, the extent of such relations has been calculated, and 
are presented In Figure 27 as a function of the annual percentage. This 
figure convinces us that the relative constancy of these relationships is 
also confirmed experimentally. No comparison between the experimental 
relationships and those calculated theoretically has been attempted so far, 
since the experimental distribution functions assumed as the basis of the 
calculations do not strictly Include the same incidents. Such a comparison 
and the implicit eventual confirmation of the specific attenuation values 


fchaorctically calcuUtad will b« th« lubjacC of a latar study In which 
preclsaly tha saaa avanta will ba takan Into c>)naldaratlon for all thraa 
connactlons. 

» 

According to what has baan said, tha slopa of Q ralatlva to tha 
attanuatlon on tarrastrlal connactlons should dapand,only on tha dlstanca 

t 

of tha connactlon and not on tha fraquancy or polarization usad. 

For tha purpose of comparison Figure 26 shows » In addition to tha slopa 
of tha factor Q relative to attenuation, its typical slope for tha average 
European situation with respect to the intensity of exact prscipi tatlon [B3]. 

The statistical sampling referred to Is the slopa of the factor Q for 
attenuation measured from 9 dlstributlons/year, while the sampling relative 
to the slope of Q for the intensity of exact precipitation, derived from 
measurements made in Italy, Great Britain, Austria and Holland, is made up of 
31 distributions/year and can be considered sufficiently representative of 
the mean European situation. 

It can be seen from the figure that the slope of Q relative to the 
attenuation almost coincides with the slope relative to the Intensity of 
exact precipitation up to worst month percentages equal to 10~^ (%), while 
it proves to be greater than the latter for lower percentages of time. 

7 . Conclusions 

Confirmation has been obtained that, for a definite connection, attenuation 

due to rain for a fixed percentage of time Increases as frequency Increases, 

and Is greater In horizontal polarization than In vertical polarization. 

The annual variability in the distribution function of the three 

connections proves to be quite subject to the time of the year referred to 

-2 

for percentages lower than 10 (Z), while it increases for lower values of 
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thli pcrctntag*. In vl«w of th« conildorabl* Influonct which a United 
nuad»«r of incident! cen have on the relationahipa of diatribution function, 
the concluaion is drawn that an observation period of aeveral years is 
neceaaary in order to define in a atatiatically significant way the attenuation 
for percentages of tine lower then several tens of ninutea per year. 

f 

In all of the three connections a considerable vari:«'>bility has been found 
in the distribution function based on the months The months which nost 
contribute to the annual distribution function vary from year to year, but 
prove to occur between June and November in every year. 

The bond between the annual and the worst month statistics can be 
expressed with a single slope for al! three connections operating in the 
same interval. It turns out that ior buch connections the nean relationship 
between the worst month percentage and the annual percentage (referred to the 
same attenuation value) varies from approximately 4 to approximately 9 per- 
cent of the time, referred to the worst month, and between 3 x 10~^ and 
-2 

10 (%) respectively. According to what has already been said, the slope 

of Q relative to the attenuation on terrestrial connections should depend 
only on the distance of the connection and not on the frequency or polarization 
used. 
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Table I. Nund)er of Significant Incidents Used and Not Used 

Key; 1-Connectlon, 2-Incldents, 3-Used, 4-Not used* 5-Year, 6-3-year total. 
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Table II. Number of Incidents (N^) and Individual Duration (N^) of Excels for 
Various Attenuation Values 

Key: 1-Frequency, 2-Vertical polarization, 3-Horizontal polarization, 

4-Attenuatlon 
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Figure 19. Slopes of Factor Q of Attenuation at Frequency 17.8 GHz in 
Vertical Polarization. 
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Figure 27. Slopes of Relationships with Various Degrees of Attenuation, with 
Equal Percentage, Derived from the Mean Distributions in Figure 2. 

Key: 1-Relationships 


